(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



I 
I 



% 

"2. 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
30 January 2003 (30.01.2003) 




PCT 



(10) International Publication Number 

WO 03/008931 A2 



(51) International Pateiit.Classification 7 : G0IN 

(21) International Application Number: PCT/US02/22689 

(22) International Filing Date: 17 July 2002 (17.07.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/306,296 



17 July 2001 (17.07.2001) US 



(71) Applicants and 

(72) Inventors: HVICHIA, Ceorgi [US/US]; 10640 Lockart 
Road, Philadelphia, PA 19116 (US). CASPARINI, Paolo 
[IT/IT]; Via Castel Gonnelle, 1-25030 Brandico (IT). 

(74) Agents: COLBY, Gary, D. et al.; Akin, Gump, Strauss, 
Hauer & Feld, L.L.P., One Commerce Square, Suite 2200, 
2005 Market Street, Philadelphia, PA 19103-7086 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 



CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



q{ (54) Title: MICROSTRUCTURE FOR PARTICLE AND CELL SEPARATION, IDENTIFICATION, SORTING, AND MANIPU- 
00 LATION 

o 
o 

(57) Abstract: The invention relates to microscale cell separating apparatus which are able to separate cells on the basis ot the size 
2 of lne ce, * s > interaction of the cells with surfaces of the apparatus, or both. The apparatus comprises a stepped or sloped separation 
element interposed between an inlet region and an outlet region of a void that can be filled with fluid. The void can be enclosed 
^ within a cover, and fluid flow through the void engages cells with the separation element. Only cells which have (or can deform to 
have) a characteristic dimension smaller than or equal to the distance between a step and the cover or body can pass onto or past a 
step. Modification of surfaces within the apparatus can also inhibit passage of cells onto or past the step. 
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TITLE OF THE INVENTION 
Micmstntcmm for Particle ^ Ce]j SepaIadm> Hmaficaaon> Sortia& ^ ^ ^ 

BACKGROUND OF THE INVENTION 
[0001] Devetopments fa meflaods of mannfecuufag very «, devices, such „ 

navmg features with nanrnneter-acale dimension,. Apait ta ^ of ^ mahods ^ 

deWCe ^ *- b- "sed «o make devices for 

handhng biologioal materials, such as celb and macromo.eculea. 

10002) Microe., g ir^Ho-l^ gd ^ cesta ^ gs ^ MelOTente ^ i ^ 

«he dunenstons of some biological macromolecu.es) have been described. This rauge of 
dunenstons (nanometers <o tens of mfarometera) ia referred to herein as "microacale ■ For 

m US ' ^ ^ 5,92M8 °- U S ' ^ 5 - 866 ' 345 . U S ' ^number 
5,744,366, U.S. Fatou. uumber 5,486,335, and U.S. Patentnumber 5,427,946 describe 
microscale devices for handlmg cells and biological molecules. 

(0003J Hemocytometry is a field of medical analysis and research wherein blood cells are 
analyzed using variety of fcchnirrues and levies. Basic manuafly^perated devices such as 
mtcroscope slides with Neuhaner or Malder chamber, were developed over a century ago These 
devces are expensive, reusable, and lack flexibility, multiple features, and disability 

Draposabi^iseapeciaflydesnabletonmmmzememcmpe^nnelfa 
hazardous biological specimens. 

(0004) Every year, approximately 500,000 patients are diagnosed wim Wood disorder 
worldwide, incfading a bout 30,000 per year in .he United States. Many b lood disorder can be 
al.evtated by transp.antat.on of stem cells (i.e., re,ative.y notHdifferentiatod cells which retain at _ 
leas, hematopoiefic capacity) into me pafient The ideal source of stem cells is the same patient 
to whom the ccfls are to be administered. However, hematopoietic (and outer) stem cells are 
relaovely rare in adults, and can be difficnlt to isolate in large numbent. 
[0005] Blood drawn ftom the utnbilfcus shorty after delivery ("corn Wood") is a rich source 
of hematopoietic stem cells. Corf blood storage methods are presently known and used 
commercially, bu, have me drawback that a relahve.y large volume (e.g., .00 to 250 milliliters, 
of blood must be stored fa order to preserve a sufficient number of hematopoiefic stem cells for 
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use in future medical procedures. The large volume of cord blood that is stored increases the 
cost and decreases the convenience of the procedure. The stored volume could be decreased 
significantly (e.g., to 0. 1 to 1 milliliter) if stem cells could be separated from cord blood prior to 
storage. However, present methods of separating stem cells from cord blood are expensive and 
5 cumbersome and are sometimes ineffective. The present invention overcomes the shortcomings 
of previously known stem cell separation methods and facilitates efficient and cost-effective 
separation of stem cells from cord blood. 

BRIEF SUMMARY OF THE INVENTION 
10 [0006] The invention relates to a microscale apparatus for separating cells. The apparatus 
comprises a body, a cover, and a separation element. The body defines a void having inlet and 
outlet regions. A separation region is interposed between the inlet and outlet regions. The cover 
contacts the body and covers at least the separation region of the void. The separation element is 
disposed in the separation region of the void and contacts either the body or the cover. The 
15 separation element has a plurality of flat portions that are disposed at different distances from the 
. cover or body (respectively) to form steps or ramps. The highest step, the walls of the void (i.e., 
the body) and the cover or body (depending on the configuration) define a narrow passageway 
through which fluid can pass from the inlet region to the outlet region. The separation element 
can be attached to, or integral with, either the body or the cover. The cover or the body can 

20 define one or more (preferably at least two) fluid ports for providing liquid to, and withdrawing 
liquid from, the void. Preferably, the cover, body, or both, define a fluid inlet port in fluid 
communication with the inlet region and a fluid outlet port in fluid communication with the 
outlet region. A fluid displacement device can be attached to one or both of the ports for 
providing fluid to the fluid inlet port, withdrawing fluid from the fluid outlet port, or both. 

25 Separate fluid handling devices can be attached to each of the inlet and outlet ports. 

[0007] The height of the narrow passageway, measured from the separation element to the 
cover, depends on the characteristic dimensions of the cells or particles that are to be retained or 
not to be retained. For the apparatus described herein, the height of the narrow passageway is 
generally in the range from 0. 1 to 1000 micrometers (preferably in the range from 0.5 

30 micrometer to 25 micrometers for animal or plant cells, or in the range 0.5 to 1 .5 micrometers for 
bacteria). 

[0008] The apparatus can have one or more fluid channels defined by the body, the cover, 
the separation element, or some combination of these. These fluid channels can be used to 
withdraw fluid from the void at a step of the separation element. The apparatus can also have a 
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device for detecting a ceil, a device for manipulating a ceU, or a device for killing a ceil <e.g., a 
heating element) in the void at a step of the separation element 
[000!.] Thcapparatuscanhaveavarietyof surface modifications, such as an anobody 
ahached to one or more of a sorface of the separata element, a surface of the inlet regton, a 

surface of the outlet region, and a surface of the cover. 

[0010] Aplumfityoftheapparat^canbeeotmeotedinserieaorhtparaUel. 

[00111 The invention also relatea to a method of sepamting cells. The method compnses 
r^meceBs^meW-^onof^app^o^^desaiWlmremandfi^ 

cofiecting ceils ftom one of a step of the septuafion element the otnle, region, and the mle, 

.he collected cefis canbe stem oeUs. When a blood sample U used, *e heigh, of titenanow 
passageway isprefembly snffietemti, permit passage of blood plateles titemmrough. 

for using the apparatus. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
10013] Tfceforegoingsu^ 

embodiments of th^^^ . ss 

appended drawing, ^p^-II^* — 
embodiments wWchare 

precise arrangements and instrumentalities shown. 

f„ ^rrion of the aoparatus described herein, showmg the 
[0014] Figure 1 is a cross section ofajXMtioiioiffle^ 



100141 ItRurv-" - - _ _ 

Lepl^dlun^unlo^^ 

se parationelemem(16)andtheeover(12)orbody(10). . tjwi „ 
IlS] Fi g me2isaom SS sectionofanea a mpleofanas S embleda P paran JS desenbedhe re m, 

L*^-p^^('«-^-* ,, »* o * r(, * i - , *"r* B t"*, 

An lw P a^e W ay(lS)=tti SB be W eenm.mgh=, S tepand ft eco,er(.2). An mle, port (20) 
and an outlet port (22) are shown. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0016] The invention relates to an apparatus for separating cells on the basis of one or both 
of their size and geometry. The apparatus comprises a body having a void therein. The void has 
an inlet region and an outlet region and can be filled with fluid. A separation element separates 
5 the inlet and outlet regions of the void and has at least two steps with characteristic heights. A 
cover is disposed across the void, and covers at least the portion of the void wherein the highest 
portion of the separation element occurs. Thus, fluid flow through the device passes from the 
inlet region, across and over the separation element, and into the outlet region. 
[0017] In one embodiment, the cover is disposed across substantially the entire area of the 

10 void, yielding a closed fluid system. If fluid flow through the system is desired, the cover, the 
body, or both, can have inlet and an outlet ports. The ports can be simple holes which extend 
through the cover or body, or they can have fixtures (burrs, rings, hubs, or other fittings) 
associated with them for facilitating connection of a fluid handling device with the port. These 
ports facilitate addition and withdrawal of fluid and allow application of cells to the apparatus or 

1 5 collection of cells therefrom. By way of example, the body can be adapted to fit a peristaltic 

pump, a syringe pump, or substantially any other fluid displacement device by way of Luer-type 
fittings. 

[0018] The shape, material, and construction of the body are not critical, except that the void 
in the body should be machined in such a way that a cover can be applied across the void in 
20 order to form a fluid-tight seal with the body around the edges of the void. Preferably, the void 
is formed in a flat portion of the body, and a flat cover is used that has a size and shape sufficient 
to completely cover the void. 

[0019] Similarly, the shape, material, and construction of the cover are not critical, except 
that the cover should form a fluid-tight seal with the body at the edges of the void and should 
25 extend from the body at one edge of the void, along the highest portion of the separation element 
across the void, to the body at another edge of the void, thereby defining (with the separation 
element) a narrow passageway through which liquid must flow in order to pass from the inlet 
region to the outlet region of the void. 

[0020] The cover can be movable, bendable, or deflectable, in order to change the size (i.e., 
30 height) and shape of the narrow passageway if desired. Any of a variety of mechanical apparatus 
can be used to accomplish movement of the cover (e.g., controllably movable brackets having an 
inclined plane upon which the cover rests, so that the cover can be lifted or lowered as desired). 
Alternatively, the cover can have a bimetallic construction, so that upon heating or applying an 
electrical potential to the two metals, the cover bends. The direction of the bend can be predicted 
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using, for example, the thermal expansion coefficients of the two metals, and a bimetallic cover 
can be arranged so that it decreases or increases the size of the narrow passageway based on the 
temperature at which it is maintained. As another alternative, the cover can be manufactured 
from any of a variety of known piezoelectric materials. Application of electrical potential to a 
5 piezoelectric material induces deformation (i.e., bending) of the material in ways that are 
predictable, depending on the identity of the material. 

[0021] The separation element has a 'stepped 1 structure with at least two steps. One of the 
steps is the highest The separation element can be attached to (or integral with) either the body 
or the cover, or it can be a separate piece of material sandwiched between the body and the 
1 0 cover. When the device is assembled, the steps of the separation element define selected 

distances between the separation element and either the body (i.e., the surface of the void in the 
body) or the cover. Assessed in the direction from the inlet region of the void toward the outlet ^ H 
region of the void, the distance between the steps and the body or cover decreases. Thus, 
movement of cells suspended in a fluid flowing through the assembled apparatus can be inhibited 
1 5 or halted at a step that is characteristic of a dimension of the cell (e.g., the diameter of a 
substantially spherical cell or the rotational diameter of an irregularly-shaped cell). 
[0022] In the same manner, substantially any particles that have characteristic dimensions on 
the same order as the distance between the steps and the cover or body can be separated using the 
apparatus. For example, bacteria can be sorted and separated using an apparatus that has a 
20 separation element that has steps disposed from the cover or body in increments of tenths of 
micrometers (e.g., 0.5 to 1.5 micrometers). Similarly, mineral particles and other small 
inanimate objects can be sorted using apparatus comprising a separation elements having steps 
which vary on the order of a characteristic dimension of the objects. Known fabrication 
techniques enable fabrication of steps which vary by tenths of micrometers to thousands of 
25 micrometers. At a micrometer scale, as preferred for the apparatus described herein, the height 
of the narrow passage is generally not more than 1 millimeter, and the steps vary in height by 
tenths of micrometers, micrometers, tens of micrometers, hundreds of micrometers, or 
combinations of these (e.g., see Figure 2). 

[0023] Cells which have a characteristic dimension that is smaller than the height of the 
30 narrow passageway will pass through the device from the inlet region to the outlet region. 

Likewise, cells which are capable of deforming to fit through the narrow passageway can pass 
from the inlet region to the outlet region. If the separation element has multiple steps, then 
movement of cells through the apparatus will be halted at a step that is separated from the cover 
or body by a distance that is smaller than a characteristic dimension of the cell. Using such a 
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separation element, cells of several different types can be concentrated at different portions of 
the apparatus. 

10024] The steps of the separation element can be discrete steps, as illustrated in Figure 1 . 
Alternatively, one or more of the steps can be sloped, the steps being separated from one another 
5 by a flat portion that extends in the direction from the inlet region toward the outlet region. The 
length (in the direction of fluid flow) of the flat portion is not critical. However, where cells 
having a particular characteristic dimension are anticipated to be applied to the device, it can be 
preferable to include a relatively long flat portion before the first step that is expected to inhibit 
or prevent flow of the cells with the fluid, so that the cells can accumulate on that step. The flat 
10 portions of different steps can have the same length, or they can have different lengths, as 
illustrated in Figure 2. 

/v * [0025] The heights of the steps can be selected based on the expected characteristic 

dimensions of cells in samples of a type intended to be applied to the apparatus. Alternatively, 
the heights of the steps can be selected arbitrarily. Thus, steps can differ in height by as little as 

15 1 or a few nanometers or by as much as a few, several, or even tens of micrometers. The steps 
must occur on the face of the separation element that faces the inlet region of the void, so that 
cells moving from the inlet region toward the outlet region must traverse the steps. The steps can 
also occur on the face of the separation element that faces the outlet region of the void if this 
facilitates manufacture of the apparatus, or so that the apparatus can be used in either, an inlet-to- 

20 outlet or outlet-to-inlet flow configuration. When the separation element has steps on the face 
that faces the outlet region, then cells which pass through the narrow passageway can be sorted 
on the trailing edge of the separation element. For example, many cells exhibit at least limited 
defonnability, and some cells will often pass through the narrow passageway even though their 
characteristic dimensions indicate that they should not (i.e., some cells which appear too large to 

25 pass through the narrow passageway nonetheless pass). If these cells settle on a step on the 

outlet side of the separation element, then they can be collected, detected, observed, ablated, or 
manipulated, as with cells on a step on the inlet face of the separation element 
[0026] The body, the cover, or both, can have one or more fluid channels that fluidly connect 
with the surface of a step of the separation element, for removing fluid from the step (including 

30 any cells suspended in the fluid upon that step). Furthermore, when the step has discrete grooves 
or regions in the step, the cover or body can be machined so that the fluid channels fluidly 
communicate most nearly with a discrete groove or region upon the step, for removing fluid in 
the vicinity of that groove or region of the step. Likewise, the body, the cover, the separation 
element, or some combination of these, can have an optical, electrical, or optico-electrical device 



-6- 



PCT/US02/22689 

WO 03/008931 

constructed therein or thereon (e.g., by etching, film deposition, or other known techniques) at a 
position that corresponds to a selected step or a selected groove or region of a step. Such devices 
can be used to detect cells (e.g., using a detector to detect a decrease in light or other radiation 
transmitted across the fluid between the surface of the step and the cover or body) or to 
5 manipulate cells (e.g., using an activatable heating element to ablate cells which pass or rest near 
the heating element). Devices constructed upon the cover, the body, or the steps can be made 
individually activatable by assigning an electronic address to the device. In this manner, cells 
can be detected at discrete areas of the device, and cells at selected areas can be manipulated 
without manipulating cells at other positions. 

10 [0027] Harvesting of cells from a selected step (or a plurality of selected steps) can be 
performed by simply withdrawing fluid from that step or a portion of the step. In some 
instances, such as when adhesion between cells and a step upon which they rest occurs, it can be 
advantageous to apply energy to the apparatus in order to dislodge the cells or otherwise 
facilitate their removal. The energy can be appUed in many forms, and a preferable form will 

1 5 usually depend on the type of cell or object to be displaced and the identity of the force or 

phenomenon which inhibits removal of the cell or object from the step. By way of example, 
withdrawal of fluid from one portion of a step can be performed simultaneously with addition of 
fluid at another portion of the same step. Other examples of forms in which energy can be 
applied to the apparatus in order to harvest cells include shaking, tapping, or vibrating the 

20 apparatus, or applying energy in the form of ultrasound, heat, infrared or other radiation, 
bubbles, compressed air, and the like. 

[0028] Instead of recovering cells that are retained on one or more steps of the separation 
element, the cells can instead be detected or manipulated. In one embodiment, one or more cells 
are lysed by application to the cells of electrical, mechanical, or heat energy, thereby releasing 

25 the contents of the cellin&evoid of the apparatus. The cell contents can be analyzed or 

n^amp^ted^ndie^ can be recovered from the apparatus andanalyzed or 

manipulated outside of the apparatus. By way of example, a cell that is retained at a particular 
location on a step can be lysed using a device located at that particular location, thereby releasing 
the cells DNA into the void. The DNA can be amplified in the void by providing PCR reagents 
30 to the void, or it can be collected (e.g., by passing fluid through the void and collecting the DNA 
in the outlet fluid) and amplified outside of the apparatus. The apparatus can thus be used to 
analyze the contents of individual cells or groups of cells. 

[0029] When the apparatus is filled with fluid, the fluid fills the void, including the inlet and 
outlet regions, and completely covers the separation element If desired, the apparatus can be 
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lightly manipulated (e.g., by tapping or shaking), or the fluid can be applied under pressure, in 
order to ensure that all portions of the void are filled with the fluid and to remove any air bubbles 
that may be present. Air bubbles, if present, can also be removed by passing fluid from the inlet 
region to the outlet region. 
5 [0030] - The body, cover, and separation element can be constructed from substantially any 
material that will hold its shape during operation of the apparatus as described herein. However, 
rigid materials are preferred. Examples of suitable materials include various glasses, solid 
polymers, and crystalline minerals. Silicon is a preferred substrate material because of the well- 
developed technology permitting its precise and efficient fabrication, but other materials can be 

10 used, including various glasses and cast, molded, or machined polymers including 

polytetrafluoroethylenes. The inlet and outlet ports, the separation element, and the surfaces 

S-rl defining the void in the body can be fabricated inexpensively in large quantities from a silicon 
substrate by any of a variety of micromachining methods known to those skilled in the art The 
. micromachining methods available include film deposition processes such as spin coating and 

1 5 chemical vapor deposition, laser fabrication or photolithographic techniques such as UV or X- 
ray processes, precision machining methods, or etching methods which may be performed by 
either wet chemical processes or plasma processes. (See, e.g., Manz et aL, 1991, Trends in 
Analytical Chemistry, 10:144-149). 

[0031] Steps of varying widths and heights can be fabricated with microscale dimensions for 
20 separating cells in a sample. A silicon substrate containing a fabricated steps can be covered and 
sealed (e.g., anodically bonded) with a thin glass cover. Other clear or opaque cover materials 
may be used. Alternatively, two silicon substrates can be sandwiched, or a silicon substrate can 
be sandwiched between two glass covers. Preferably, at least one of the body and the cover is 
transparent. Use of a transparent material facilitates dynamic viewing of the contents of the 
25 device, and allows probing of fluid flow in the apparatus, either visually or by machine. Other 

g- used. 

[0032] One advantage of the apparatus described herein is that they can be manufactured in a 
wide variety of sizes and geometrical arrangements, depending on the intended use of the 
apparatus. In addition, multiple apparatus can be manufactured on or in a single piece of 
30 material, such as a unitary silicon block or a microscope slide. Furthermore, the multiple 

apparatus on a slide can be connected in series, in parallel, or both. By way of example, several 
apparatus having a narrow passageway of relatively small height (e.g., 2 micrometers) can be 
constructed on a single block of material, and a sample (e.g., cord blood) can be fed to the inlet 
region of each of those apparatus. By feeding fluid through the apparatus, platelets and small 
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cell debris can be removed from the sample. Stem cells and red and white blood cells will be 
retained in the inlet region or on the steps. 

[0033] After platelets have been removed, the flow in the apparatus can be reversed, and the 
retained cells can be transferred (directly, by way of fluid circuit switching, or indirectly, by 
manually or automatically collecting the cells and reapplying them) to the inlet region of one or 
more second apparatus. These second apparatus can, but need not, be made in the same piece of 
material as the first series of apparatus. These second apparatus comprise a separation element 
that separates stem cells from red blood cells based on their different characteristic dimensions. 
10034] By feeding fluid through the second apparatus, red blood cells are separated from 
stem cells. If desired, the narrow passageway of the second apparatus can have dimensions that 
permit passage therethrough of the red blood cells. Stem cells can be collected from the second 
apparatus, for example by way of a fluid channel machined into the body at a position where 
accumulation of stem cells is anticipated. If desired, the collected stem cells can be provided to 
the inlet region of a third apparatus which comprises a separation element having a cell-type 
1 5 specific antibody attached to one or more steps thereof (or a portion of one or more steps), in 
order to separate stem cells from remaining non-stem cells, or to separate different classes of 
stem cells. 

[0035] The capacity of the apparatus described herein depends on the number of cells that 
can occupy a step of the separation element without occluding or severely limiting fluid flow. 

20 Because passage of a cell past a step of the separation element depends primarily upon the 

distance between the step and the cover or body, the width of the step (and thus the width of the 
narrow passageway) is not critical. Advantageously, the steps can be made very wide or many 
steps can be arranged in parallel. Thus, if one portion of a step becomes clogged with cells that 
cannot fit in the space between the step and the cover or body, fluid flow can continue along the 

25 remaining width of the step. In one embodiment, the steps are arranged concentrically in a 

circular, oval, rippled or irregular torm, so that the width of steps upon which cell accumulation 
is anticipated can be maximized. 

[0036] The surfaces of the apparatus can be chemically treated or coated with any of a 
variety of known materials which reduce or enhance agglutination of cells with the material 
30 selected for the cover, body, or obstacles. By way of example, an antibody which binds 

specifically with a cell-surface antigen can be attached to a surface of the void using any of a 
variety of protein anchoring chemistries, a surface of a step, or a surface of the cover, in order to 
inhibit passage of cells which exhibit the antigen past the surface (e.g., in order to differentiate 
cells of similar size but different type). The surfaces of the apparatus can also be treated with 
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any ot a variety ol known reagents (e.g., oxygen plasma) in order to increase the hydrophilicity 
of the surfaces. This treatment can improve the rate and completeness of filling of the apparatus 
with a fluid medium introduced into the apparatus. 

[0037] The assembled apparatus can be used to separate cells by providing cells to the inlet 
5 region of the void. If the cells are motile, then they can distribute themselves on the steps of the 
separation element. More typically, however, the apparatus will be used by applying a fluid flow 
between the inlet and outlet regions of the void (e.g., by way of fluid ports fluidly connected with 
each). Cells can be provided to the inlet region in fluid flowing through the apparatus, by a 
separate port, or by providing the cells to the region prior to applying the cover to the body. 

1 0 Fluid flow carries or pushes the cells in the direction from the inlet region toward the separation 
element. If a cell has a characteristic dimension smaller than or equal to the distance between the 
first step and the cover or body, then the cell can be carried onto the first step. Similarly, if the 
characteristic dimension of the cell is smaller than or equal to the distance between the next step 
and the cover or body, then the cell can be earned onto the next step. If the cell encounters a 

1 5 step for which the distance between the step and the step and the cover or body is smaller than 

the characteristic dimension of the cell, then the cell cannot pass onto the step unless the cell can 
deform to fit through the gap. Cells that are retained on a step can be collected or manipulated 
using fluid channels or devices that are addressed to the particular step. 

[0038] In one embodiment, the apparatus is made to separate stem cells from other cells in a 
20 blood sample (e.g., a cord blood sample). Stem cells are generally larger (70% have a 

characteristic dimension of about 12-16 micrometers) than red blood cells (which are flat bi- 
concave disc-shaped cells having characteristic dimensions of about 5.5 to 8.5 micrometers in 
diameter and 1.2-1.9 micrometers thick) or platelets (characteristic dimension = about 1 
micrometer). This same apparatus can be used to separate fetal cells from its mother's peripheral 
25 blood cells in order to analyze the fetal cells (e.g., for indications of likely birth defects). Fetal 
cells are known to circulate in the mother's bloodstream. 

[0039] If a device is used in which the height of the narrow passageway is more than about 1 
micrometer, then most platelets will pass through the device without being retained on the 
separation element. If the height of the narrow passageway is about 2-5 micrometers, then most 
30 red blood cells, white blood cells, and stem cells will be retained on one or more steps of the 
separation element. If the separation element includes steps that are sufficiently distant (e.g., 2 
to 10 micrometers) from the cover or body to permit red blood cells to pass upon the step, but 
which are not sufficiently distant to permit stem cells to pass upon the step, then the stem cells 
will be separated from the red blood cells. 
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into a form convenient for storage. A fA,Mnnd 
immune response in a recipient of the blood sample. 

andbooyican P can dao include instructions for usmg the 

fluid medium to the void in the body). The lat can also m 

apparatus or reagents ,0 be used mer.v*h. The app^eanbesupphedpre-fmeflwttb flu.d. 
oT r^canbavei^^^fl^P^flon^re^^ 
« ^tTtamdiciacunbeusedK^whethercellshavmgaseleetefl 

bemgretamedmflreapparams.TTteindieiacanbe printed, painted, or s^pe4 on, or engraved 
^^bodyorflreeover^^a^o-^^ — - 

fl^associated. Forer^*^^ 



they are associated, rui caoui^v, — . : ^-pw 

TuianJ^befl^^ 

understood, therefore, that this invention is not hnuted to the particular 

. . ^+^nrf>Qpnt mvention as defined by trie 

but covers modifications within the spmt and scope of the present 

appended claims. 
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CLAIMS 

What is claimed is: 

1 . A microscale apparatus for separating cells, the apparatus comprising 

a) a body defining a void having inlet and outlet regions and a separation region 
interposed between the inlet and outlet regions; 

b) a cover contacting the body and covering at least the separation region of the void; and 

c) a separation element disposed in the separation region of the void, the separation 
element having a plurality of flat portions, contacting the body, and defining a narrow 
passageway with the cover, wherein the flat portions are disposed at different distances from the 
cover. 

2. The apparatus of claim 1, wherein the separation element is attached to the 

body. 

3. The apparatus of claim 2, wherein the separation element is integral with the 

body. 

4. The apparatus of claim 1, wherein one of the cover and the body defines a 
fluid inlet port in fluid communication with the inlet region and one of the cover and the body 
defines a fluid outlet port in fluid communication with the outlet region. 

5. The apparatus of claim 4, further comprising a fluid displacement device for 
providing fluid to the fluid inlet port 

6. The apparatus of claim 1, wherein the void is filled with fluid. 

7. The apparatus of claim 6, wherein cells are disposed in the inlet region. 

8. The apparatus of claim 1, wherein the height of the narrow passageway, 
measured from the separation element to the cover, is in the range from 0.1 micrometer to 1000 
micrometers. 

9. The apparatus of claim 8, wherein the height of the narrow passageway, is in 
the range from 0.5 micrometer to 25 micrometers. 

10. The apparatus of claim 8, wherein the height of the narrow passageway, is in 
the range from 1 micrometer to 16 micrometers. 

1 1 . The apparatus of claim 8, wherein the height of the narrow passageway is in 
the range from 1 micrometer to 10 micrometers. 

12. The apparatus of claim 8, wherein the height of the narrow passageway is in 
the range from 1 micrometer to 5 micrometers. 
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13. The apparatus of claim 1 , wherein one of the body, the cover, and the 
separation element defines a fluid channel for withdrawing fluid from the void at a step of the 
separation element 

14. The apparatus of claim 1, wherein one of the body, the cover, and the 
separation element defines a device for detecting a cell in the void at a step of the separation 
element. 

15. The apparatus of claim 1, wherein one of the body, the cover, and the 
separation element defines a device for manipulating a cell in the void at a step of the separation 
element. 

16. The apparatus of claim 15, wherein the device is a device for killing the cell. 

17. The apparatus of claim 16, wherein the device is a heating element. 

18. The apparatus of claim 1, wherein a surface has an antibody attached thereto 
and wherein the surface is selected from the group consisting of a surface of the separation 
element, a surface of the inlet region, a surface of the outlet region, and a surface of the cover. 

19. An apparatus comprising two apparatus of claim 1, wherein the outlet region 
of the first apparatus of claim 1 is in fluid communication with the inlet region of the second 
apparatus of claim 1. 

20. A method of separating cells, the method comprising providing the cells to 
the inlet region of the apparatus of claim 1 and thereafter collecting cells from one of a step of 
the separation element, the outlet region, and the inlet region. 

21 . The method of claim 20, wherein a fluid is passed from the inlet region to the 
outlet region after providing the cells to the inlet region. 

22. The method of claim 20, wherein the cells are collected from a step of the 
separation element. 

23. The method of claim 20, wherein the cells are cells of a blood sample and the 
collecxed cells are stem cells. 

24. The method of claim 23, wherein the blood sample is a cord blood sample. 

25. The method of claim 23, wherein the height of the narrow passageway is 
sufficient to permit passage of blood platelets therethrough. 

26. A kit for separating cells, the kit comprising 

a) a body defining a void having inlet and outlet regions and a 
separation region interposed between the inlet and outlet regions; 

b) a cover adapted to fit the body and cover at least the separation 
region of the void; and 
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c) a separation element disposable within the separation region of 
the void, the separation element having a plurality of flat portions, 
such that when the kit is assembled, the cover contacts, the body, the separation element contacts 
the body, and the separation element defines a narrow passageway with the cover. 
5 27. A microscale apparatus for separating cells, the apparatus comprising 

a) a body defining a void having inlet and outlet regions and a separation region 
interposed between the inlet and outlet regions; 

b) a cover contacting the body and covering at least the separation region of the void; and 

c) a separation element disposed in the separation region of the void, the separation 
10 element having a plurality of flat portions, contacting the cover , and defining a narrow 

passageway with the body, wherein the flat portions are disposed at different distances from the 
- body. 
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